Background
Introduction
Population-based cancer survival data are available for patients diagnosed since 1971 for England and Wales (Coleman et al. 1999; Coleman et al. 2004) (Coleman et al. 1999 ) but this variation has not been directly compared with differences between the four countries of the UK or with the Republic of Ireland.
Here we examine cancer survival in the Republic of Ireland and the UK, for each of the four UK nations separately, and for all five countries combined. We also examine variation in survival between the nine Government Office Regions of England.
Methods and data
All persons diagnosed with one of the 20 most common cancers during the period 1991-99 in England, Scotland, Wales, 1993-99 in Northern Ireland and 1994-99 in the Republic of Ireland were eligible for inclusion. Anonymised individual records were obtained from the national cancer registries of each country. We analysed the survival of more than 1.7 million patients aged 15-99 years, 86 per cent of those were eligible for inclusion (Table 1) . Follow-up was complete to 31 December 2001. Nine per cent of patients were excluded because their recorded survival time was zero, mainly patients registered from a death certificate only (DCO), whose survival time was unknown. The proportion was greater in England and Wales than in Scotland, Northern Ireland and the Republic of Ireland. A further five per cent of patients were excluded because it was not their first cancer, or for other reasons, including unknown vital status. Non-melanoma skin cancers were not considered because their registration was too patchy in the UK during the study period. 1994-99. b Date of diagnosis same as date of death: some patients did die on the day of diagnosis, but most were registered solely from a death certificate, with unknown survival time. c Aged 100 years or over at diagnosis, vital status or sex unknown, sex-site error, invalid dates, duplicate registration, synchronous tumour or persons who had a previous primary malignancy.
We examined relative survival from cancer. Relative survival is one method of estimating net survival, which is the probability of survival related directly to the disease rather than the overall observed (crude) survival of the patient group. Relative survival is estimated by comparing the observed survival with the survival that would have been expected if the patients had only experienced the expected (or background) mortality by age and sex as that seen in the general population in the same country or region and calendar year. The expected mortality is given by general population life tables of all-cause mortality by the same variables. Relative survival is the most defensible method of estimating net survival in population-based studies, because it does not rely upon accurate reporting of cause of death (Ederer, Axtell, & Cutler 1961) .
We used the maximum-likelihood approach for individual records (Estève et al. 1990 ) as implemented in the publicly available STATA algorithm strel to estimate the excess hazard of death from cancer for given time intervals after diagnosis. For any given cancer and a given sex, we used a constant interval structure to divide the follow-up time, but varied the number of intervals from 4 to 14 for different cancers according to the number of cases and the observed pattern of mortality. Cumulative relative survival up to five years after diagnosis was estimated by age group and country, using either the cohort or complete approach, for patients diagnosed during 1991-95 and 1996-99. We applied the hybrid approach to predict relative survival in the near future, using data for patients who were alive and under follow-up at some point during the period 2000-01 ( Figure 1 ). The mean annual absolute percentage change in relative survival between 1991-95 and 1996-99 was estimated with variance-weighted least squares regression, taking into account the slightly shorter periods of incidence available for Northern Ireland (1993-95) and the Republic of Ireland (1994-95) .
Figure 1
Structure of data used for survival analyses
Numeric values indicate the minimum number of completed years of follow-up attained for an individual diagnosed during the index year (rows) who was followed up to the end of a given calendar year (columns).
UK -United Kingdom, SC -Scotland, WA -Wales, RI -Republic of Ireland National or regional life tables were used to estimate expected survival. For the national analyses, the Government Actuary's Department (GAD) interim life tables centred on 1991 and 1996 were used for each country in the UK (Government Actuary's Department 2004). For the Republic of Ireland, census-derived life tables centred on these same two years were used (Central Statistics Office 1995 . Background mortality for patients dying during the period 1991-95 was represented by the 1991 life tables, whilst the 1996 tables were used for patients dying during the period 1996-01. Regional analyses for England were conducted using 1991 and 1998-centred region-specific life tables, described elsewhere (Coleman et al. 1999; Coleman et al. 2004) . The "observed" background mortality rates are unstable and usually not available for every year of age for elderly. All life tables were therefore smoothed and extended up to 100 years of age with the Ewbank et al. four-parameter life table system (Ewbank et al. 1983) constrained to three independent parameters.
To improve the comparability of the results, an attempt was made to age-standardise the survival estimates directly with age weights derived from the numbers of patients diagnosed with each cancer in England and Wales during the period 1986-90 (Coleman et al. 1999) . Three broad age groups were used: under 50, 50-69 and 70 or more years at diagnosis. Finer age groups could not be applied because of the small numbers of cases and deaths in the data sets for the Republic of Ireland, Northern Ireland and Wales, and in some of the English regions. Even so, it was often impossible to produce an age-standardised estimate. Age-standardised and non-standardised estimates were very similar when both were available (data available on request), and only nonstandardised rates are presented here.
We used funnel plots to examine geographic variation in one-year survival between the English regions and the other four countries (Spiegelhalter 2005) . One-year survival was used because an estimate was available for every country for every malignancy. For each region or country, the estimate of one-year survival is plotted against the precision of the estimate, taken as the inverse square of its standard error. The horizontal line in each plot, the target value, is the pooled estimate of one-year survival in the UK and the Republic of Ireland combined. The 95 per cent and 99.8 per cent control limits superimposed on each plot represent approximately two and three standard deviations, respectively, from the target value at each level of precision. Survival estimates that lie within the control limits may be considered as within the geographical variation that could be expected by chance. Funnel plots may be preferable to conventionally ranked bar charts for visual comparison of a set of estimates with widely different precision.
Results
Relative survival from the twenty most common cancers generally increased between the early and late 1990s, both in the constituent countries of the UK and in the Republic of Ireland. Cancer survival, and improvements in survival, varied between the five countries ( Table 2, Grey data points indicate cancers for which active early detection programmes were in place during this period (breast, prostate, cervix and, in Scotland, melanoma) . The pathological classification and coding of bladder tumours changed markedly during the 1990s, and this had a substantial effect on survival estimates. The proportion of tumours coded as in situ (behaviour code 2) or uncertain if benign or malignant (code 1) increased from three per cent in 1991 to more than seven per cent in 1999 in the data as a whole, with the percentage in any given year in the separate countries ranging from less than 1 per cent in Scotland during the years 1991-93 to greater than 50 per cent in Northern Ireland in 1993. In situ bladder tumours have very high survival and are routinely excluded from survival estimates for invasive bladder cancers. The data for bladder cancer were analysed both with and without these tumours. Inclusion of bladder cancer classified as in situ or of uncertain malignancy led to higher survival estimates in all countries and regions, and it substantially changed the estimates for Northern Ireland (Table 2) , and the Eastern region of England (Supplementary Table 4) . Given the extreme geographic and temporal variation in the behaviour coded for bladder cancers in the UK and the Republic of Ireland, we judged that survival estimates including tumours coded as in situ or of uncertain malignancy were more comparable, and those results are presented here.
Annual increases in relative survival were greatest in England, Northern Ireland and the Republic of Ireland and smallest in Wales and Scotland. The largest overall improvements were observed for cancers of the colon, rectum and prostate. Decreasing or stable survival rates were also observed, but the only observed decline that was statistically significant at the 5 per cent level was that for bladder cancer in Scotland and in England for females: this trend was seen both with and without non-invasive malignancies.
Among patients diagnosed during 1996-99, five-year survival tended to be higher in the Republic of Ireland and Northern Ireland and lower in England and Wales. However, this pattern varied by cancer site. International differences were greatest for cancers of the colon, cervix, prostate, bladder and brain, for melanoma of the skin, multiple myeloma and all the leukaemias combined, whilst differences were smallest for cancers of the stomach, pancreas, breast, uterus, testis and kidney, and for non-Hodgkin lymphoma. Northern Ireland displayed the widest range in survival between different cancers, as would be expected for the country with the smallest population. Despite their smaller populations, Scotland and the Republic of Ireland displayed a similar range of survival to that seen in England, both for cancers with moderate or good prognosis (one-year survival greater than 50 per cent, Figure 2(a) ) and for cancers with poorer prognosis (one-year survival less than 50 per cent, Figure 2(b) ). Survival tended to be higher in Scotland for cancers for which screening or other early detection methods were in place during this period (breast, cervix, prostate and, in Scotland, melanoma).
There was geographic variation in one-year survival for most cancers in both sexes (Figure 3,  Supplementary Figure 2) . There was also some significant regional variation within England. Oneyear survival for melanoma was significantly higher in Scotland and in Northern Ireland than in the regions of England, the Republic of Ireland or Wales. There was also substantial variation in oneyear survival from prostate and bladder cancers. The least variation was observed for cancers of the kidney, pancreas, brain, testis and uterus.
Survival tended to be lower in the northern regions of England and higher in the southern regions (Supplementary Figure 1, Supplementary Tables 3 and 4) . The largest regional variation was observed for multiple myeloma, all leukaemias combined, bladder, kidney and brain, while regional variation was least marked for cancers of the breast, pancreas, uterus and testis, and melanoma of the skin.
The proportion of cases with a recorded survival of zero was higher in England (particularly in the Thames region, about 25 per cent of the English population) than in Scotland, Northern Ireland or the Republic of Ireland. We therefore re-analysed the English data excluding cases from the Thames Cancer Registry. This slightly reduced the survival estimates for England.
Discussion
We have shown that the prognosis for patients diagnosed with one of the twenty most common cancers improved between the early and late 1990s in the four constituent countries of the UK and in the Republic of Ireland, and that the survival of patients diagnosed in Scotland and Ireland was generally higher than in England and Wales. Regional variations were also evident in England.
It is important to evaluate the possible role of artefact in explaining differences in cancer survival. Survival will be over-estimated if the linkage of death notifications with registered cancer cases is inefficient. However, we consider it unlikely that variation in the completeness of this linkage between the various national cancer registries is sufficient of itself to explain fully the geographic patterns of survival. Each registry regularly links its cancer patient data to data on deaths occurring in the same country in order to determine which patients have died, and when. The death of a registered cancer patient may be missed if they moved from one country to another after cancer diagnosis. The impact of such migration on survival estimates is likely to be very small: linkages for England and Wales are performed on a single database and regular cross-checks are carried out with the database for Scotland.
Survival is also sensitive to the proportion of 'zero survival' cases excluded from analysis. This category generally includes both patients with 'true' zero survival, who are known to have died on the day of diagnosis and whose cancer registration record reflects that fact, and patients who were registered only from a death certificate (DCO registrations), and for whom the date of diagnosis and the duration of survival are thus unknown. Both categories were excluded from analysis, because they were not distinguishable in the datasets analysed. Patients whose cancer was registered as a DCO tend to have had shorter survival than patients who were registered in life (Berrino et al. 1995) . A high proportion of zero survival cases excluded from analysis may therefore lead to inflation of the survival estimate. In this study, England and Wales had the highest proportion of zero survival cases, but generally lower survival. In a sensitivity analysis in which the registry with the highest proportion of zero survival cases was excluded, the differences in survival between England and the other countries increased, rather than declined. Differences in the proportion of zero survival cases are therefore unlikely to explain why survival in England and Wales is generally lower than in Scotland, Northern Ireland or the Republic of Ireland.
Estimation of survival may also be influenced by the accuracy and comparability of the rules used to establish the date of diagnosis. For any given patient, several points on the diagnostic pathway could have been used to determine the point of diagnosis, for example, the day of first reported symptoms, the day of biopsy, the day of a confirmatory laboratory test, or the first day of treatment. During the period in question, the date of diagnosis was defined slightly differently by the five national cancer registries. This may have led to small artefactual differences in survival. The greatest differences are likely to be between Scotland, which always used the earliest date available, and the other four nations, where the date of the event with the highest priority was used. This may have slightly inflated the estimates for Scotland in comparison to the other parts of the UK or Republic of Ireland, particularly for short-term survival and for lethal cancers. Differences in selection of the date of diagnosis do bias survival estimates up to a year after diagnosis (Dickman & Hakulinen 1997) , but the impact is much smaller than the geographical differences observed here.
The variations in survival could in theory be due to confounding by age, since relative survival varies with age, and the age profile of cancer patients can differ between populations. Age standardisation would have minimised differences in survival due to these factors. It was not possible to perform comparable age standardisation for all datasets here, but where both types of analysis were feasible, differences between the standardised and non-standardised estimates were small, and variations in survival between the five countries were still evident (data not shown).
It is conceivable that a higher proportion of tumours registered in Scotland, Northern Ireland and the Republic of Ireland are, in fact, in situ than is the case in England and Wales. This is unlikely to explain the observed differences in full, because the proportion of tumours verified microscopically is highest in Scotland and in the Republic of Ireland, similar in Northern Ireland and England, with Wales having a much lower proportion (Curado et al. 2007 ; Personal communication to LM Woods from C White, received 20 May 2009). This suggests that, if anything, the proportion of in situ cases misclassified as invasive, and therefore artificial inflations in survival, are likely to be greatest in England, Wales and Northern Ireland.
Scotland and Northern Ireland had especially high relative survival from melanoma. This is likely to be due to a combination of active campaigns of earlier detection (Mackie & Hole 1992) , and better ascertainment of thin lesions, which have a good prognosis. Better ascertainment of such tumours in Scotland has been suggested by a previous audit study of patients diagnosed during 1987-89 in seven health districts in England and one health board in Scotland (Melia et al. 1995) . The high completeness of registration in Scotland probably reflects the close working relationship between the Scottish Cancer Registry and the Scottish Melanoma Group, which runs a specialist tumour registry. Lower melanoma survival in Wales may be due either to later diagnosis than in the other countries (patients in Wales would have thicker tumours) or because treatment in Wales is not as good (distribution of tumour thickness would be similar to that in other countries). The Welsh Cancer Intelligence Unit is currently working with dermatologists to obtain more detailed data on tumour thickness.
Although the variations in survival between the UK nations and the Republic of Ireland are not as great as those observed globally (Coleman et al. 2008) or within Europe (Berrino et al. 2007 ), there appears to be an overall pattern of lower survival in England and Wales than in the other countries. Three broad causal explanations for this difference in survival may be considered. First, delays in diagnosis may be shorter, patients present at an earlier stage of disease in Scotland, Northern Ireland and the Republic of Ireland than in England or Wales. Second, access to diagnosis investigations and treatment and/or the quality or organisation of cancer care services may be better in Scotland and Ireland. Third, the underlying characteristics of the cancer patient population may differ in such a way that treatment is more effective in Scotland and Ireland. To evaluate these hypotheses, it would be necessary to obtain more detailed information on pre-diagnosis symptoms, tumour stage at diagnosis, diagnostic tests performed, treatment received and co-morbidity than are routinely captured by the national cancer registry in each country. Such information could be used to examine the impact of delay, treatment, co-morbidity and cancer control policy parameters upon differences in cancer patient survival between the UK nations and the Republic of Ireland. Such detailed information has recently become available in all the UK countries and the Republic of Ireland.
Conclusion
This paper reports cancer survival comparisons between the countries of the UK, the regions of England and the Republic of Ireland for the twenty most common malignancies. We have documented lower cancer survival in England and Wales than in Scotland, Northern Ireland and the Republic of Ireland. Cancer survival in the UK and the Republic of Ireland improved during the 1990s. By the end of the twentieth century there was still geographic variation in survival across the UK and the Republic of Ireland, with the lowest survival in the North of England: regional differences in survival within England are often wider than the differences between the five countries. Despite standardised treatment protocols in England, survival has generally been lower than in Scotland, Northern Ireland and the Republic of Ireland. Artefact is only likely to explain a small component of these differences. Geographic differences in stage at diagnosis, co-morbidity and other clinical factors may also be relevant, particularly if they influence the clinical decision to provide more effective but more aggressive treatment.
